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Ensemble-based Variational Assimilation 
Ensemble 
forecasts 
T=10 T=tl 
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Wh_y Ensemble-based method?: 
To estimate the flow-dependency 
of the error covariance 
問町田町四回一・.2,,..’ k-0J ???????????? ?
??
Ensemble fore阻まP暁君子勤続曹学的 ヰ／6/9/22UTC) 1 
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EnVA: min. cost function in the Ensemble 
b陪伺sterror subspa伺
• Minimize the cost function with non-linear Obs. term. 
Jx = J/2(;( -X1 ）｝γ（X -X1) + 1/2 (Y -H(X))R 1 (Y -H(X) 
• Assume the analysis error belongs to the Ensemble 
forecast error subspace (Lorenc, 2003): 
x-x1=P了。Q Q寸前＂w2，，，前N]
P!' =rx( -x1.xr -x1 .xi-x11 
• Forecast error covariance is determined by 
localization pr＝円。s
• Cost function in the Ensemble forecast error 
subspace： 一
J(Q.) = 1/21刀ce{Q's-'n}+ 1/2{H(X(Q))-Y}' R-' {H(X(Q.))-Y} 
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Why Variational Met時
To address the non-
linearity of TBs 
J三土ご士三ニー…s are non linear function of A£圃園開聞曲
various CRM variables. 圏
g sJ r〆－一一 l 
• TB becomes satu旧tedas optical；づ5マT一一
thickness increases: I ：」1/ ・・.. .J 
T-1:β田（Iーら）Te-2巾 ， I :v ， 町 ｜ 
when T官え ．”3 I 
I g淘・a・6・. 
• TB depression mainly due to 
frozen precipitation becomes 
dominant after saturation. l[lJ 2014年ltCEReS共同研究尭通
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Problem in EnVA (1): Displacement error 
・Largescale 
displacement errors of ” 
rainy areas between the • 
MWI observation and 
Ensemble forecasts 
Mean of Ensemble Forecast 
(2004/6/9/15UTC FT=7り）
山。
・Presuppositionof 
Ensemble assimilation 
is not satisfied in 
observed rain areas 
without forecasted rain. 
roble仰Tin t:nVA: 8ampling error 
Forecast error corr. of W (04/6/9/15z 7h fest) . 200 km 
W吉田明~可申－一一200 km • 
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Typhoon Canson 
(04/6/9氾2UTC) ~ ；~ 
JM州 HM附 et川町kmres. ~I：な」手買
First gue肱 Ensemblefo問 ast(04/6/9パ5 ） 司刀~司［；
100 members started with pe同urbedinitial f;7 J' 
data '・ 
Observation: Conventional+ TMI TB 
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Displaced Ensemble variatiional 
assi『nilationmethod 
In addition to x,we introduced d to assimilation. 
The optimal analysis value maximizes : 
at宮maxP(X,d I Y,Xf) 
P(X,d I Y,X1) = P(d I Y,X1)P(X I d,Y,X1) 
Assimilation results in the following 2 steps: 
1 ) DEC scheme to derive J" from P( J.i Y, X 1) 
2)EnVA scheme using the DEC Ensembles tol 
derive x・ from P(X J c7", Y, xr) 
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Dual‘scale N副ghb。ringEnsemble Meth。d
( 1) Dual Scale Separation 
Separation of ensemble forecast , 
error into large-scale modes ( 65 km ~; 
ave.) and local modes (deviatfon). ; 
06 
05 
Hori四n回tcor同latlon
u 
川 RHW2w 
Assume that precip-related variables 
only have local modes. 
(2) Neighboring Ensemble (NE) method 4’一山 町 内 ＂＇ ＇＂ ‘
Spectraly localized forecast error corelation ・(Buehner261oj・: 
C,1(xl,x2) = f C(xl +s,x2十仇 （s)ds
we approximated the forecast error correlation for deviation 
using neighboring members of the target points (5 x 5 grids). 
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Surface Precipitati。n(mm/h) and TB19v (K) 
f。r04/6/9/22 UTC ．
mm/h 
TB19v’ 
Rainy 
areas 1命l
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2014年度CEReS共同研究尭葺 z、
POD for NoDA(dash) and DA(solid) 
(lnit: 04/6/9/22 UTC) FT=1-6h 
Blue: Th=1 mm/hr 
Red: Th=3 mm/hr 
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Areas Classified with Precip(1 mm/hr) 
Green (Forecast 0, Truth 0); Blue (Forecast X, Truth O); 
Orange (Forecast 0, Truth X) 
DA (lnit: 04/6/9/22 UTC) FT=1・6h
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Summary 
• Estimation of CRM forecast error 
covariance 
-Ensemble forecast eror analysis 
-Dual-scale neighboring ensemble method 
・Introductionto ensemble-based variational 
assimilation 
• Experiment results using simulated data 
• Future directions (real data, FA cycle) 
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